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SLUGOIDS are the most efficient media for 
grinding by the wet process, with a proved 
performance considerably greater than that 
of small-diameter forged-steel balls and at 
much less cost. Slugoids are used and re- 
commended by the world’s leading cement 
makers. Let us send you samples and prices. 
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THE STRENGTH OF FURNACE BRICKWORK— 


and durability of the furnace lining in service is 
Maksiccar Fire Cement ae F 
; greatly controlled by the joints. Well shaped bricks 
Maksiccar II 


Nettle Cement of accurate size, use of a Refractory Cement 


Stein Sillimanite Cement correctly chosen for the purpose, combined with 


Sale ah: Memion Coment good bricklaying (which means thin, tight joints) 
Stein Chrome Cement , Se 

, get a furnace lining off to a good start. A 
Stein Chrome-Magnesite 
iibhe Danette wo Refractory Cement should be selected just as care- 


Bluebell Silica Cement fully as the brick with which it is to be used. We 
Thistle and Stein Fireclays are always very willing to give our advice on the 


Ground Ganister : Se 
best type of Cement for particular applications. 


JOHN G. STEIN & C° LY Bonnybridge. Scotland 


TEL: BANKNOCK 255 (3 LINES) 





NOVEMBER, 1952 CEMENT AND LIME MANUFACTURE 


aI eee 


Newell’s Patented Compound Tube Mills have the following exclusive features :— 


Mill End-plates made from heavily-ribbed 
rolled steel discs, thus eliminating com- 
pletely cast steel or cast iron End Covers 
which are liable to crack or break in 
service. 

Cast Steel Trunnions of uniform section 
arranged to bolt to the fabricated Mill 
Ends. 


3 
4 


Main Bearings totally enclosed and dust- 
tight and fitted with Newell's cascade 
system of oil lubrication which practic- 
ally eliminates wear on trunnions and 
bearings. 

Trouble-free operation with continuous 
service, 
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British ‘Rema’ Trunnion-type 
Bal! Mill. 


KILN FIRING PLANTS 
FOR ROTARY 
CEMENT & LIME KILNS 


Illustration shows a British ‘Rema’ Trunnion-Type Ball 
Mill, forming part of a complete installation, assembled in the 
works prior to shipment to Australia. The plant will deal 
with various fuels including mixtures of coal and coke. 
Refinements include separate motor-driven pumps for oil- 
pressure lubrication of the trunnion bearings. 


BRITISH REMA 


Ay ok Cee ee 


PROPRIETORS: EDGAR ALLEN & CO, LIMITED 


IMPERIAL STEEL WORKS 
SHEPEIELD- 9 
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A SPECIAL FAN WHEEL “SIROCCO” PRODUCTS 

88-iINS. DIAMETER FOR FOR THE 
KILN FIRING. CEMENT INDUSTRY 

INCLUCE: 

Mechanical Draft Fans 

and “‘Davidson’’ Flue Dust 

Collectors; “Sirocco” 

Coal Firing Fans and 

“Davidson” Dust 

Collectors; “Sirocco” 

Fans for Coo! Air Supply 

to Kiln Firing Pipes; 

‘Sirocco’ and “ Aeroto”’ 

(trade mark) Fans for 

Ventilation and Dust 


Extraction, etc. 


DAVIDSON & Co., LIMITED 
SIROCCO ENGINEERING WORKS BELFAST 


LONDOR, MANCHESTER, LEEDS. CARDIFF, BIRMINGHAM, = NEWCASTLE, GLASGOW, OUBLIN 
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Mitt +S 
SUPER |: ss. ; 

REFRACTORIES for 

CEMENT & LIME WORKS 


High Temperature Insulating Bricks 
‘‘PEER”’ Air-Setting Refractory Cements 
“R”’ Quality Firebrick for lower temperature work and resistance to abrasion 


E. J. & J.. PEARSON LID. 


STOURBRIDGE, ENGLAND 


VISCO Jbl 


AT CHILANGA CEMENT WORKS 


Cement works recently constructed in which 
Visco equipment has been installed include 
Chilanga Cement Works, Northern Rhodesia, 
La Tolteca Cement Works, Mexico, and 
Shoreham Cement Works, England (illustrated 
here). Practically 100°, of the dust freed at 
mills and bag-filling machines is recovered by 
**Visco-Beth” Automatic Dust Collectors to 
become saleable stock. Full details will be 
sent on application. Write for Brochure No. 482. 


YIsCoO 


ENGINEERING CO [TD 


STAFFORD ROAD. CROYD 
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CRUSHING 
MACHINERY 
AND 
EQUIPMENT 


Beck Fst & 6.8 


HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND 
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The amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be Other features are efficient heat re- 


adjusted independently of the amount cuperation, air quenching, effective 
of air required for the burning in the cooling permitting immediate grinding, 
kiln, and the cooler and kiln speeds low head room, low power consump- 
are independent of one another. tion and small maintenance cost. 








The FOLAX GRATE COOLER—the cooler with horizontal grate and positive 
conveying of the clinker—is supplied by : 


EL. SMIDTH ¢ C0. un. 


105, PICCADILLY, LONDON, W.1. 


TELEPHONE: GROSVENOR 4100 (17 lines). 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON. 
CABLEGRAMS: FOLASMIDTH, LONDON. 
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Symposium on the Chemistry of Cement. 


THE third International Symposium on the Chemistry of Cement was held in 
London in September last under the auspices of the Cement & Concrete Association. 
In the following abstracts are given of some of the papers. The complete papers 
are to be published in book form by the Association at 52 Grosvenor Gardens, 
London, S.W.1. 


The Structures of Cement Hydration Compounds. 

By PrRoFessor J. D. BERNAL (Birkbeck College, London University). 
Describes a study of hydrated calcium silicate compounds produced by hydration 
or precipitation methods under ordinary and hydrothermal conditions. Phases have 
been identified by X-ray methods making use of comparisons between synthetic 
products and natural minerals. The cell dimensions have been partially or com- 
pletely determined for ten of these phases. The forms of hydrated calcium silicate 
stable at low temperatures have been shown to be two related types of structures 
of composition C,.,.,SH,.;.;.¢ and C,SH,... These occur in the form of extremely 
thin fibrous crystals, similar to those found in gels, and this may be related to 
the setting properties of cement. Evidence for the presence of these compounds 
has been found in pastes of hydrated tricalcium silicate and in a sand-lime brick. 
The first compound has been identified with the mineral riversideite. The struc- 
tures of these compounds show the presence of a short fibre repeat unit of 3°65 A. 
common to a number of other hydrated silicates, which is thought to imply the 
existence of silicate tetrahedra joined by hydrogen bonds. They also show a 
layer structure, the spacing of which varies on loss of water between 14 and g A 
in a way similar to the clay minerals and which may be connected with the 
shrinking properties of concretes. 


Studies of the Constitution of Portland Cement Clinker. 
By Dr. R. H. BoGue (Portland Cement Association Fellowship, National 
Bureau of Standards, Washington).—In this paper the principles for the repre- 


(105 ) 
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sentation of multi-component systems on plane surfaces or solid models are 
discussed. Several devices are described by which geometrical limitations are 
by-passed and useful data obtained. These include the following of boundary 
curves by various means. A method for separating the liquid from the solid phases 
in the charge in the furnace is described. Mathematical means for establishing 
the relationships between the primary and subordinate systems are pointed out 
as a method for removing the limitations due to geometrical dimensions. These 
developments, together with improved equipment and methods, enable multi- 
component systems to be explored with assurance of useful results. 


Developments in the Design and Construction of Concrete 
Structures. 


By Dr. A. R. Cotttys (Technical Director, Cement & Concrete Association). 
An account of developments in concrete technology since the last symposium. 


The Early History of Cement in England. 
By P. Goopinc (Development Officer, Cement and Concrete Association) and 
P. E. HALSTEAD (Research & Development Division, Cement & Concrete Associa- 
tion).—The authors give some new facts on the history of the manufacture and 
early uses of Portland cement, and attempt to resolve some of the matters about 
which different investigators have varied in their conclusions. The paper includes 
copies of a number of original documents and patents. 


Thermodynamics of the Cement Kiln. 

By H. Gyal, in collaboration with F. Guyer (Holderbank-Wildegg Cement 
Works, Switzerland).—By setting up a heat balance an attempt is made to show 
how much of the supplied heat is used as effective heat and how much is lost. 
The process in the kiln is analysed with regard to the structural changes in the 
raw material, the respective temperatures, and the flow of the gases. A new 
type of heat exchanger, equally suitable for the kiln and cooler, is described. 
The axial velocity of the transport of material through the kiln is determined 
as well as the relations between speed, inclination, and diameter as a function 
of the ratio of material in a kiln section, for which an optimum is given. A method 
is described for calculating the dimensions of a rotary kiln. 


Oil Well Cements. 

By W. C. Hansen (Universal Atlas Cement Co., U.S.A.).--Portland cements 
are used by the petroleum industry for the cementing of gas and oil wells at 
temperatures ranging from atmospheric to about 350 deg. F. and at pressures 
ranging from atmospheric to about 18,000 lb. per square inch. Slurries of such 
cements must remain pumpable at these elevated temperatures and pressures 
for periods up to about four hours, and should then harden fairly rapidly. The 
paper outlines the operations of drilling and cementing wells and reviews the 
production of cements for this purpose and the methods of testing such cements 
at high temperatures and pressures. The paper also describes certain special 
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cements and presents data on the influence of pressure upon the strengths and heats 
of hydration of cement pastes cured at elevated temperatures. 


The Influence of the Fineness of Cement Raw Mixtures on their 
Burnability. 


By T. HEILMANN (F. L. Smidth & Co. A./S., Copenhagen).—The object of the 
tests was to find what fineness of raw mixture is economically justifiable in order 
to ensure satisfactory burnability. The tests were made by burning nodules of 
12 mm. diameter in such a way that the dried nodules were first calcined for half 
an hour at 950 deg. C. and then transferred directly to the kiln for the final burning, 
where they were burnt, generally for 20 minutes, at varying temperatures. The 
temperature necessary to obtain clinker with a suitably low content of free CaO 
was then investigated. A description is given of tests on two standard raw 
mixtures, which show among other things the effect of the burning time on the 
temperature required. 

Further tests were made on nodules of different sizes. These tests show 
that variation of the nodule size up to 25 mm. diameter has no appreciable 
influence on the burning results, whereas larger nodules called for a longer burning 
time or a higher temperature. Next tests were made to determine the influence 
of the content in the raw mixture of coarse silica and calcite particles, that is 
particles above 0-09 mm. The tests showed that a mixture with a comparatively 
high lime-saturation factor (LSF 95 per cent.) should not contain more than 
0:5 per cent. of coarse silica above 0-2 mm. With a lower lime-saturation factor 
somewhat larger amounts of coarse silica are permissible, but then the burnability 
will suffer to some degree. During the burning, the coarse silica is converted into 
soluble silicates, mainly dicalcium silicate, but without any tricalcium silicate. 
If the coarse limestone particles are pure calcite, up to 5 per cent. limestone particles 
above 0-15 mm. are permissible. If the limestone particles contain impurities 
consisting of siliceous minerals, a considerably larger amount of coarse limestone 
particles is permissible. 

Research has also been made on the importance of the distribution in the 
mixture of particles below 0-09 mm. These tests proved that minor changes in 
the distribution of the fine particles have no notable influence on the burnability 
of the mixture. A certain amount of very fine particles, about 35 per cent. below 
15 microns, seems to be necessary in order to give a reasonable burnability. This 
amount will, however, always be present in straight-ground as well as in closed- 
circuit-ground mixtures prepared from hard materials. The considerable increase 
in the amount of fine particles which occurs when washable materials are used 
causes an improvement in the burnability. 


Interstitial Phases in Portland Cement Clinker. 

By HERBERT INSLEY (National Bureau of Standards, U.S.A.).—The interstitial 
phases including glass, crystalline “ dark ’’ and “ light ” material, free MgO and 
free CaO, are briefly reviewed. The variable properties of the interstitial liquid 
at clinkering temperatures, especially composition and viscosity, partly determine 


B 
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the degree of crystallinity and the nature of the crystals in the resulting product 
after cooling. The diffraction pattern which has been attributed to glass in clinker 
is more probably that of a metastable ferrite similar to tricalcium aluminate. 
Although the nature of the prismatic dark interstitial material has not been 
established it may be assumed to be a form of tricalcium aluminate, unknown 
in the pure state, stabilised by compounds of alkalis in solid solution. The 
deepened pleochroism of the crystalline interstitial ferrite phase in the presence 
of MgO may be caused by the displacement of the composition towards the high- 
iron end of the solid solution series, 2CaO.Fe,0,6CaO.2Al,0,.Fe,0,. The 
crystallisation of interstitial magnesia is strongly influenced by the rate of cooling 
of the clinker through the range of crystallisation. The crystallinity and texture 
of the clinker are probably greatly affected by the properties of the interstitial 
material during the cooling period. Little is known quantitatively of these 
characteristics. Especially needed are data on viscosities of interstitial liquid, 
equilibrium relations of the calcium aluminates, and a fresh study of the system 


CaO-MgO-Al,0,-Fe,O3. 


The Tricalcium Silicate Phase. 

By J. W. JEFFERY (Birkbeck College, London University).—Evidence of the 
existence of an alite phase distinct from pure C,S is summarised under the headings: 
powder X-ray investigations; single crystal X-ray investigations; thermal 
analysis ; optical investigations. It is concluded that there can be no longer any 
reasonable doubt that the alite phase of Portland cement clinker is tricalcium 
silicate modified by slight “solid solution ”’. A discussion of the literature is 
followed by a summary of the polymorphism of tricalcium silicate at room 
temperatures. All the forms so far investigated are strongly pseudo-trigonal 
with the same cell dimensions, namely, a = 7:0, c = 25°0 A, and space group 
R3m. Alite gives single lines on powder photographs at d = 1-46, 1-48, and 
1:76 A, while pure C,S has corresponding doublets or triplets in each case. 

The pseudo-structure of C,S as worked out by the author, and a different 
arrangement arrived at by O’Daniel and Hellner in a preliminary determination, 
are described and discussed. For alite the author finds the true cell has a = 
33°08, b = 7:07, c = 18:56 A, B = 94° 10’, and the space group is Cm. The 
high temperature polymorphism of C,S is discussed. It is shown that strength 
development in preparations of alite and pure C,S in conditions similar to those of 
normal Portland cement are not significantly different. Finally, the effect of the 
“solid solution ”’ in alite on the calculated compound composition of clinker is 
discussed and related to the discrepancies between microscopically observed and 
calculated compositions. 


The Physical Structure of Cement Products and its Effect on Durability. 

By F. E. Jones (Building Research Station).—The paper comprises mainly a 
review of some of the literature. The properties and structure of cement paste 
and of aggregates are considered, followed by a discussion of the factors leading 
to failure of concrete arising from causes inherent in the structure and composition, 
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excluding external chemical attack other than atmospheric corrosion. A 
summary is given of the work of Powers and Brownyard on the physical properties 
of hardened Portland cement paste at about 70 deg. F. 

The properties of aggregates are considered with special reference to the 
coefficients of thermal expansion ; other properties of thermal diffusivity, strength, 
porosity, surface texture and shape are also treated. Consideration is given to 
methods of measurement of several of the properties mentioned. Much of the 
paper is devoted to a discussion of the effect on durability of mortars and concretes 
of improper design and preparation, moisture movements on wetting and drying, 
thermal movements on heating and cooling, atmospheric corrosion and frost. 


The Reactions of Cement Hydration at Elevated Temperatures. 

By GeorGE L. KALouseK (University of Toledo, U.S.A.).—The hardening 
of concrete products at elevated temperatures may be attributed in part to 
reactions involving the cement and fine aggregate or added silica. These products 
of reaction may differ widely from those of cement pastes alone. Menzel’s relation 
between strength and raw mixture compositions for autoclaved cement-silica 
solids was studied by differential thermal analysis (DTA) in terms of reaction 
solids. The low strengths of cement pastes without or with additions of silica 
up to 8 to 12 per cent. were indicated to be due in part to the presence of Ca(OH), 
and the ‘‘C,SH ” alpha-hydrate which may function merely as aggregates. As 
the amounts of added silica were increased, the Ca(OH), first, and then the alpha- 
hydrate, reacted to form another reaction product characterized by an exothermic 
reaction at about 840 deg. to 850 deg. C. This solid may have a composition of 
about 1:25 C:S.* As the amount of this phase increased the alpha-hydrate 
diminished in amount. When the latter phase was exhausted the 1-25 C:S product 
in turn reacted with the added silica to give products in composition downwards 
to about o-g C:S. The highest strengths among all compositions were observed 
for the 0-9 to 1-25 C:S compositions. 

Autoclaved cement pastes without any silica addition consisted of an 
amorphous-appearing solid, ““C,SH’”’ alpha-hydrate and Ca(OH),. Hydro- 
thermally synthesised lime-rich gel-like phase in the ternary system differed 
from the analogous phase prepared at room temperature, and appeared to be 
the precursor of the alpha-hydrate. The amorphous-appearing solid in autoclaved 
cement may contain the other cement constituents integrally bound and probably 
differs from that prepared in the ternary system. The only lime-rich crystalline 
phase that may be expected to form in autoclaved cement products at the usual 
processing conditions is the so-called ‘‘C,SH ”’ alpha-hydrate. This phase has a 
composition of 1-8 to 2-4 CaO:1-00 SiO,:1-00 to 1-25 H,O. 

Previous and new data indicate that the C,AH, solid solution or the related 
hydrogarnets do not appear as hydration products in concrete products processed 
at elevated or ordinary temperatures. The sulphoaluminates and sulphoferr:tes 
of calcium may form for only relatively short periods of time in hydrating cements 
at temperatures up to about 100 deg. C. At roo deg. C. these phases could not be 


*C:S is the abbreviated torm for mols of CaO per mol of $.Ob. 
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stabilised even with large amounts of gypsum although at temperatures of go deg. 
C. and lower such stabilisation was effected. 

Autoclaved Ca(OH),-free products of lime or cement and pumice and shale, 
depending on the amount of available silica, may show compositions ranging from 
about 2-4 to 0-9 C:S. The alpha-hydrate may appear only in samples of the highest 
C:S ratios but is less likely to form than in cement-silica products. The course 
of reaction of the products with added silica was similar to that of the cement- 
silica mixtures. The DTA curves of reaction solids showed that the exothermic 
peak was rounded and occurred at higher temperatures of 850 deg. to 88o deg. C. 
for the pumice products, and at goo deg. to 1,000 deg. C. for the shale products. 
The higher temperatures of this peak were observed for the lime-rich solids. 

Several considerations, such as apparent homogeneity of phase and DTA 
curves, suggest that the reaction product consists of all the oxide constituents of 
the ingredients integrally bound. The open structure of the hydrous calcium 
silicate may possibly accommodate the constituents extraneous to the ternary 
system lime-silica-water. It is considered that these are the types of solids, of 
variable compositions, that form in sand-lime bricks and autoclaved concrete 
products. 


Slag Cements. 

By F. Keir (Forschungsinstitut der Zementindustrie, Germany).—Distinction 
can be made between three different types of slag cements, namely, Portland 
slag-cement, slag-Portland cement, and slag-sulphate cement, the first-named 
component being in each case the principal one. The hydraulic properties of the 
granulated blastfurnace slag can be established by test. These properties are 
closely related to the chemical composition of the slags, the relationship being 
approximately defined by formule. Blastfurnace slags with an alumina content 
of at least 12 per cent. are suitable for the production of slag-sulphate cement. 
A high addition of calcium sulphate is. required and a simultaneous, but not too 
vigorous, activation by lime or clinker is also necessary. In the decomposition 
of slags with amine and ammonium salts, distinct differences are shown between 
the behaviour of slags poor and rich in alumina. It is shown that the content of 
granulated blastfurnace slag in a slag cement can be determined, even if the 
distribution in the fraction 0-06 to 0-0g mm. suitable for the required determination 
is not the same as in the cement. 


Expansive Cements. 

By H. Laruma (Centre d’Etudes et de Recherches de |’Industrie des Liants 
Hydrauliques, Paris).—The first satisfactory solution for industrial purposes was 
found by Hendrickx, and activities in this sphere have been stimulated by Lossier. 
The necessity of obtaining a controllable expansion that will remain constant 
with time practically enforces the use of Candlot’s salt as the expansion agent ; 
it is made from a sulpho-aluminate clinker obtained by burning a mixture of 
gypsum, bauxite and carbonate of lime. Expansive cement is prepared from a 
ternary mixture comprising Portland cement, which imparts its particular 
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properties to the final product ; sulpho-aluminate clinker, which is the expansion 
agent ; and blastfurnace slag, the stabilising agent, the slow action of which 
enables the expansion to take place besides absorbing the excess of sulphate of 
lime. The composition of these constituents, their relative proportions, and their 
fineness are the principal factors which influence the expansion. 


The Ferrite Phase. 

By G. L. MALovort (Instituto di Chimica Industriale dell’ Universita di Napoli) 
and V. CrirILit (Instituto di Chimica Applicata del Politecnico di Torino).—In 
the first part the anhydrous ferrite phase is dealt with and special attention paid 
to the binary system CaO-Fe,0,, because this is fundamental to the tracing of the 
phase diagram of the ternary system CaQO-Al,O,-Fe,03, which cannot yet be 
considered as finally completed. It has been ascertained that only two calcium 
ferrites exist, namely, the mono- and the dicalcium ferrite. The phase diagram, 
however, as plotted by Sosman and Merwin, cannot be considered as completely 
satisfactory. Dicalcium ferrite has been shown to form a eutectic with calcium 
oxide ; also, the eutectic between monocalcium ferrite and ferric oxide is likely 
to be nearer to ferrite than has been admitted hitherto. Direct experimental 
measurements have shown that as soon as the melting process begins the oxygen 
pressure of the system becomes very high in the region of compositions richer in 
ferric oxide than monocalcium ferrite. X-ray, as well as microscopical observa- 
tions, show that it is probable that formation of solid solutions takes place between 
the monocalcium ferrite and magnetite. 

In the ternary system CaQ-Al,O3-Fe,0; what Yamauchi and Swayze have 
observed regarding the possibility of the formation of homogeneous solids richer 
in alumina than brownmillerite must be assumed to be confirmed. Brownmillerite 
must therefore be considered as an intermediate term in the solid solution series 
of composition 2CaO.(FeAl1O3 .)>. 

Attention should be paid to the fact that it is impossible to obtain homo- 
geneous solids containing less than 20 to 21 per cent. by weight of Fe,O,. Sucha 
composition differs slightly from that indicated by Swayze. Present knowledge 
regarding the zone of the system which is poor in lime must be considered 
insufficient even for an approximate delineation of that portion of the system. 
As for hydrated calcium ferrites, the possibility of the formation of a tetra- 
calcium ferrite, hexagonal in habit, as well as of a cubic tricalcium ferrite can be 
accepted as fully established. The existence of less basic ferrites, although they 
cannot be safely excluded, has not so far been supported by sufficient experimental 
evidence. 


The Alkali Phases in Portland Cement Clinker. 

By Terry F. NEWKIRK (National Bureau of Standards, U.S.A.).—A review is 
given of previous work on the alkali-clinker systems and of the various forms in 
which Na,O and K,O may occur in Portland cement clinker. The importance 
of the formation of the alkali phases as they affect the burning of cement mixtures 
and the constitution of clinker is discussed. During burning the alkalis react 
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preferentially with the available SO, to form alkali sulphates. Alkalis in excess 
of the molar equivalent of SO, react with the major clinker components to form 
NC,A, or KCy,5,9. The latter reactions alter considerably the potential compound 
composition of the clinker and may have a significant effect on the properties of 
the cement. For certain compositions, the reactions of the alkalis may cause the 
formation of free CaO as an equilibrium product. Equations which take into 
account the formation of the alkali phases are presented for use in computing 
the potential compound composition of clinker-type mixtures. 


The Dicalcium Silicate Phase. 

By R. W. Nurse (Building Research Station.).—The chemistry and crystal 
structure of the known forms of C,S are discussed. The theory of stabilisation 
of high temperature forms is developed and is shown to account for the complicated 
phenomena associated with C,S in slags, cements, and refractories. It is concluded 
that only 8-C,S is likely to occur in Portland cement, but that its rate of hydration 
will vary according to the type and amount of stabilising agent it contains. 


Tricalcium Aluminate. 

By FrED OrDway (National Bureau of Standards, U.S.A.).—Previous investiga- 
tions of the structure of tricalcium aluminate are reviewed. An apparatus is 
described which has proved convenient for growing small single crystals of the 
compound. The status of the current structure determination by X-ray diffraction 
is indicated, and the approximate structure proposed by Biissem in the Stockholm 
symposium is discussed in terms of the general principles governing the structure 
of minerals. 


The Constitution of Aluminous Cement. 

By T. W. PARKER (Building Research Station).—-The present state of knowledge 
of the constitution of high-alumina cement is reviewed and a summary given of the 
results of a recent investigation at the Building Research Station concerned 
mainly with the composition of the mineral known as “ unstable 5CaO.3A1,0, ”’ 
and with the composition of the ferrites occurring in high-alumina cement. 

Investigations on the system CaQ-Al,0,-SiO,-MgO show that a compound 
6Ca0.4A1,03.MgO.SiO, occurs as a primary phase. The pure compound, which 
melts incongruently, is isomorphous with the “ unstable 5CaO.3A1,0, ” mineral of 
high-alumina cement and it is inferred that the composition of the latter is 6CaO. 
4Al,0,.FeO.Si0O,. 

Investigations of the ferrites in polished sections under the microscope by 
reflected light made use of a new microreflectivity method. The ferrites present 
correspond to compositions on the line 6CaO.2A1,0,.Fe,0,—2CaO.Fe,O;. The 
ferrites in cements containing mainly ‘‘ unstable 5CaO.3Al,0,” are at the 
6CaO.2A1,03.Fe,0, end of the solid solution series ; those in cements containing 
mainly CaO.Al,O, are in the range of compositions of molecular proportions 
between 4CaO.Al,0,.Fe,O, and 6CaO.A1,03.2Fe,03,. No new evidence was obtained 
which would indicate whether any of these three ferrite compositions are true 
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compounds. It is confirmed that FeO can appear as a final crystallisation phase, 
and possible assemblies of compounds which can occur are indicated. 

These data are used to devise a method of calculation of compound contents, 
based on the analysis of the cement and an additional analysis of the residue 
insoluble in acid. The results have been compared with qualitative observations 
under the microscope and also with some limited quantitative microscope measure- 
ments. Except in one case the agreement is reasonably good, bearing in mind 
the approximations and assumptions which had to be made. 

The data available are even less adequate to enable a method of formulation 
of raw mixtures to be indicated than to calculate the compound composition 
when the cement is made. However, a possible direction of formulation is 
developed which shows fair agreement with practice in cements made in the 
laboratory. 

Some observations on the relation of constitution to setting time are reported. 
It is shown that the presence of 12CaO.7Al,O, leads to fast setting. Data are 
also given on the effect on hydration of the presence of alkalis which accelerate 
the set. The effect of a number of other additions is also reported. Borax, boric 
acid, and tartaric acid delay the set to an extent likely to be deleterious. Increased 
fineness of grinding of the cement tends to shorten the setting time ; aeration and 
limited prehydration in the grinding mills tend in the reverse direction. 

Some observations are given on the possibilities of further investigation. A 
study of the equilibrium of the iron oxides and oxygen under the furnace conditions 
of aluminous cement manufacture is amongst the most important of the out- 
standing items. A series of phase equilibrium studies is also indicated. Finally 
it is suggested that preliminary study of the relation between, say, strength and 
compound composition would be worth while as a guide to the practical value of 
further studies. 


The Reactions and Thermochemistry of Cement Hydration at Ordinary 
Temperature. 


By Harotp H. StTEINour (Portland Cement Association, U.S.A.).—The 
evidence available for establishing the products of Portland cement hydration 
is mainly indirect. It consists largely of studies made on the simpler systems 
CaO-SiO,-H,O, CaO-Al,0,-H,O, and CaO-Al,0,-CaSO,-H,O. Alkalis and Fe,O, 
have been included in other limited studies. 

Determinations of heat of hydration of Portland cement paste have been 
made mainly for practical purposes, but comparison of the data with values for 
the clinker compounds hydrating separately has afforded some indication of 
the chemistry of the matter. Recent studies have provided data on heat evolution 
over 64 years. Other studies have given new data on the effect of the water : 
cement ratio. Continuous records of the heat evolution of cement paste during 
the setting period, and during the first few days, have furnished indications of 
the early course of the cement reactions. 

Independent reaction of the major clinker compounds is capable in large 
measure of accounting for the rates and ultimate values of the hydration, strength 
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development, and heat evolution of cement paste, but this does not rule out the 
possibility of some interaction. Free calcium hydroxide is produced, and the 
liquid phase is saturated with this compound. The other products formed in 
cement paste are gel-like and very difficult to identify by microscopy or X-ray 
analysis. A promising new method of approach is that of differential thermal 
analysis. 

It appears probable that the high-sulphate calcium sulpho-aluminate is 
formed, but then reacts with more of the calcium aluminate to form a solid 
solution of lower sulphate content. Some tetracalcium aluminate hydrate may 
form, as a non-equilibrium product, after the gypsum has all reacted. The 
calcium silicates evidently form hydrated calcium silicate that is perhaps lime 
absorptive and has an overall lime:silica ratio in the neighbourhood of 2.or less, 
the precise value being uncertain. Iron oxide may perhaps partially substitute 
for alumina in the reaction products. 


Development of Cements for Special Uses in the United States. 

By Myron A. SWAyZE (Lone Star Cement Corporation, U.S.A.).—The paper 
presents an account of the methods. by which special cements are evolved by 
co-operation between cement users and manufacturers in the United States. 
The history of the development of the five A.S.T.M. cement specifications is 
outlined. Cements meeting the A.S.T.M. specifications have been found un- 
satisfactory in certain special applications, and the reasons for the autoclave 
expansion test and the recently introduced alkali content limitation are explained. 
The future of masonry, pozzolanic, and air-entraining cements is considered, 
and brief mention is made of the development of such specialised products as 
oil well cements. 


Chemical Aspects of the Durability of Cement Products. 

By T. THorvALpson (University of Saskatchewan, Canada).—After a brief 
account of the search for a cement of the Portland cement type resistant to the 
chemical action of natural waters, especially those containing sulphates, experi- 
mental data is presented for the expansion and changes in tensile strength of lean 
mortars, made of A.S.T.M. type I and V cements, exposed to sulphate solutions. 
The available evidence on the effect of the chemical compounds which may be 
present in Portland cement on the sulphate resistance of mortars and concrete is 
summarised as well as the influence of add.tions of pozzolanic materials. Some 
theories of the nature of sulphate resistance are considered. 


Masonry Cement. 

By CHARLES E. WUERPEL (Marquette Cement Manufacturing Co., U.S.A.).— 
Masonry cement in the U.S.A. is passing through a period of development which 
appears to be proceeding towards increased uniformity in constitution and 
predictability of performance. The preponderant constituent is a very finely 
interground homogeneous mixture of Portland cement and limestone given a 
very high degree of plasticity and water retention by the interground addition 
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of an air-entraining agent, and regulated in setting time by gypsum. Specifica- 
tions are very loose in their requirements. In order that masonry cement may 
acquire prestige similar to that of Portland cement, thé following additions to and 
improvements in the existing specifications must be made: (a) Autoclave test 
for soundness with a maximum permissible expansion of the order specified for 
Portland cement ; (b) Workability retention test to ensure adequate retention 
of plasticity ; (c) Plasticity index to ensure high order of plasticity; (d) Air 
content minimum limit, as a transitory step during development of adequate 
criteria for (c), since “ plasticity "’ seems to be very largely a direct function of 
air content ; (e) Compressive strength criteria should be maintained, but less 
emphasised in importance; (f) Bond tests do not appear feasible at present ; 
(g) Requirement for uniform unit weight; preferably 70 lb. per bag and with 
each bag understood to contain 1 cu. ft. (loose volume) of cement. With 
greatly increased awareness of the importance of improvements in this type 
of cement, there is greatly intensified research. Major progress towards uniform 
high quality and increased usefulness of masonry cement seems assured. 








Effect of Fineness of Raw Materials for Cement. 
At the last annual convention of the Japanese Cement Engineering Association 
some research carried out by the Ube Kosan Co., Ltd., on the properties of finished 
cement of the size of the raw materials was described. 

It was found that, even if the raw mixes have the same specific surface area, 
when the individual elements (limestone and clay) have different surface areas and 
the clinkers have different contents of free lime minerals, the resulting cements have 
different strengths. It is recommended that for most favourable results the ratio 
of the specific surface area of clay to limestone should be 1-00 for low-lime cement 
and 1-40 for high-lime cement. 








Cement Works at Ceylon. 
Messrs. Mirrlees, Bickerton & Day, Ltd.. inform us that in their advertisement 
in the September number of this journal they inadvertently referred to the 
alternators coupled to their engines at the Kankesanturai, Ceylon, Cement Works 
as being of Brush manufacture, whereas they were manufactured by Messrs. 
Crompton Parkinson, Ltd., as stated on page xii of the same number. 








A New Cement Factory in Paraguay. 


A NEW cement factory at Valle Mi, Paraguay, has recently started production. 
The capacity of the factory is 10,000 sacks per week and it is reported that there 
will be a surplus for export. 
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Hydrophobic Cement. 


WITH reference to a paragraph in this journal for January, 1952, reporting that a 
Russian chemist claimed to have invented a hydrophobic cement, the A.S.P. 
Chemical Co., Ltd., of Gerrards Cross, inform us that a hydrophobic cement, 
for which a patent application has been made, was produced in their laboratory 
in August, 1950. This cement was produced in connection with soil stabilisation, 
and it was found that soil treated with this type of cement was more resistant to 
absorption of water and could be stored uncovered without deterioration. The 
initial setting time is 2 hours 50 minutes and the final setting time 3 hours 55 
minutes. 

Absorption tests were made on prisms, 3 in. by 3 in. by 6 in., made of standard 
sand and ordinary Portland cement, and standard sand and hydrophobic cement 
which, 14 days after casting, were dried, weighed, and stood upright in 4 in. of water. 
The absorptions are calculated as percentages of the dry weight, and were : 
Ordinary Portland cement—1 hour, 0-67 ; 24 hours, 3:22 ; 3 days, 4:87; 7 days, 
6-06 ; hydrophobic cement—1 hour, 0°52 ; 24 hours, 2-63 ; 3 days, 3:79; 7 days, 
4°72. 

The moisture-resistant property was tested by spreading hydrophobic cement 
in a damp cupboard at go per cent. relative humidity and 62 deg. F. for seven days 
and turning it over at intervals. Three 6-in. cubes of I: 2:4 mixture were then 
made. The average density of three cubes was 143 lb. per cubic foot, and the 
average compressive strength at seven days 2,390 lb. per square inch. Similar 
cubes made with ordinary Portland cement as received from the cement works 
had a density of 147} Ib. per cubic foot and a compressive strength of 2,540 Ib. 
per square inch. 

It is claimed that this cement is water-resisting so long as it remains static, 
and that the water-resisting properties are reduced when the cement is agitated 
with the aggregate in the concrete mixer. 

Hydrophobic cement is made by introducing a chemical with the gypsum 
in the grinding mill, and it is expected that a saving of 20 per cent. of the wear on 
the mill will be effected. 








Book Review. 
‘*Liants Hydrauliques’’. By H. Lafuma. (Paris: Dunod. Price 76ofr.) 

The French standard specifications describe ten different kinds of cements 
and there are, in addition, others which have not been standardised. While 
presenting certain advantages this multiplicity of cements necessitates a wide 
knowledge on the part of the user to enable the best choice of the available cements 
to be made for any particular purpose. The author describes the constituents of 
the various cements available in France, the theories of setting and hardening, 
the properties of each type and their suitability for a variety of uses. 
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Effect of Sulphur in Clinker. 


A PAPER on the effect of sulphur on the alkali compounds of Portland cement 
clinker, by Mr. Terry F. Newkirk, is given in the ‘“ Journal of Research of the 
United States National Bureau of Standards ” for November, 1951. This investiga- 
tion shows that the compound Na,0.8Ca0.3A1,03, which is known to be one of 
the forms in which Na,O may occur in Portland cement clinker, is unstable at 
clinkering temperatures in the presence of SO. This compound reacts with SO, 
to form Na,SO, and 3Ca0.Al,0,. Any excess of Na,O will remain as 
Na,0.8Ca0.3A1,03, become a constituent of the clinker glass, or enter into solid 
solution with one of the other clinker components. In clinker compositions 
containing both soda and potash together with SO,, an alkali-sulphate phase is 
produced that contains both of the alkalis. For molecular ratios R,O/SO, greater 
than unity, a preferential reaction of the SO, with K,O is indicated. Empirical 
relationships between the alkalis and the SO, of the cement mixture indicate that 
the alkalis first combine with the SO; in the approximate molecular ratio 
K,0/Na,O = 3 to the extent that the composition limits of the mixture permit. 
The composition of the alkali-sulphate phase for mixtures of varying soda-potash 
contents with R,O/SO, molecular ratios equal to 1, 2, and 3 have been determined. 
Equations are developed for calculating the approximate composition of the 
alkali sulphate and the potential phase composition of clinker-type mixtures 
having other R,O/SO, ratios. | 

The author states that Portland cement clinker contains, in addition to the 
major constituent oxides of calcium, aluminium, and silicon, small quantities of 
other oxides that occur in the raw materials. The alkalis Na,O and K,O have a 
particular interest because of their unfavourable reaction with certain types of 
aggregate used in concrete, and during the burning process these minor oxides 
affect the temperature at which the first liquid forms and the nature and quantity 
of the phases that ultimately constitute the clinker. The nature and quantity 
of these phases determine, for the most part, the physical and chemical properties 
of the cement. Small amounts of the alkalis may have an effect on the phase 
relations in the clinker of a magnitude not commensurate with their low 
concentration. 

The nature of the alkali-bearing phases has been studied by various 
investigators with mixtures containing CaO, Al,O;, SiO,, and either Na,O or K,O. 
They recognised, however, that acidic oxides such as SO, and TiO,, when present, 
may react with the alkalis during the burning process to produce new phases. 
One investigator, Mr. W. C. Taylor, found that, for mixtures approximating 
Portland cement compositions and composed of K,O, CaO, Al,0,, SiO,, Fe,03, 
and MgO, the stable compound of potash is K,0.23CaO.12SiO,. He reported, 
however, that this compound is unstable when heated in the presence of SOx, 
the reaction being represented by the equation K,0.23CaO.12Si0O, + CaSO, 
= 12(2CaO.SiO,) + K,SO,. He found molten potassium sulphate to be 
immiscible with the clinker liquid, to show no tendency to react with the com- 
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ponents of mixtures containing 3CaO.SiO,, 2CaO.SiO,, 3CaO.Al1,03, 4CaO.A1,0,- 
Fe,O;, and MgO, and to erystallise readily upon cooling. In 11 out of Ig 
commercial clinkers subjected to microscopic examination, he found the phase 
identified as potassium sulphate. In a few subsequent experiments he observed 
that a solid solution of sodium and potassium sulphates appeared upon heating 
certain mixtures of Na,SO,, K,0.CaO.SiO,, and 2CaO.SiO,. As in the case of 
the potassium compound, he found sodium sulphate to be essentially immiscible 
with the clinker melt. A phase identified as K,SO, occurred in several 
Na,O-K,0-CaO-SiO,-SO, mixtures of high K,O/Na,O and K,O/CaO ratios. The 
manner in which the soda was combined in these mixtures was not determined. 
Mr. W. R. Eubank made a preliminary investigation of the clinker phases produced 
upon heating mixtures containing Na,O and combinations of Na,O and K,O 
together ‘with SO,. As a result of microscopic studies of quenched and slowly 
cooled charges, he found that the compound Na,O.8CaO.3A1,0, is decomposed by 
heating with calcium sulphate in the range 1300 deg. C. to 1470 deg. C. Charges 
containing equimolar quantities of these two compounds were found to consist 
only of 3CaO.Al,OQ, and Na,SO, after heat treatment, indicating complete 
reaction. The alkali sulphate produced in the reaction was found to be stable in 
the presence of 3CaO.SiO,, 2CaO.SiO,, 3CaO.Al,03, and 4Ca0O.A1,0,Fe,Ox. 
Indications were obtained that if a solid solution of Na,O and Fe,O, 
in 2CaO.SiO, was prepared, the Na,O was not removed from this solution 
by heating it with CaSO,. Some of the mixtures also contained K,O 
either as K,0.23CaO.12SiO, or as K,SO, in addition to the soda compounds. 
Studies of these mixtures were inconclusive, due to the difficulty in distinguishing 
between certain of the compounds having practically identical optical properties. 
This made it evident that any further work on this subject would require the 
application of a different experimental method. 

Portland cement clinker ordinarily contains both scda and potash as well as 
SO;. It was necessary, therefore, to study further the effect of SO, on the alkali 
compounds of clinker containing both soda and potash. This study has provided 
a basis for the development of equations for approximating the potential phase 
composition of Portland cement clinker containing known quantities of K,O, 
Na,O, and SOs. 

In discussing the results of his investigation the author states that it appears 
from this and earlier studies that when mixtures approximating Portland cement 
compositions contain SOs, the alkalis in these mixtures will react with the SO, 
during the burning process to produce an alkali-sulphate phase. The investigation 
confirms that this alkali-sulphate is immiscible with the primary clinker melt and 
stable in the presence of the major clinker components. 

Cement mixtures containing only K,O as the alkali, together with SO,, will, 
after burning, have the available SO, combined with the K,O as the compound 
K,SO,, which will appear in the form of crystals in the clinker. If more K,O is 
present than the quantity required to combine with the available SQ3, this K,O 
will become a constituent of the clinker glass or, if cooling is sufficiently slow, 
may appear as the compound K,0.23CaO.12SiQ,. 
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production to a_ specific 
fineness, consistent ac- 
curacy depends upon the 
plant being reliable. The 
trouble-free running syno- 
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VICKERS-ARMSTRONGS substitute for skill and experience 
LIMITED backed by manufacturing capacity. 


VICKERS HOUSE - BROADWAY LONDON swi 


SHIPBUILDERS - ENGINEERS - AIRCRAFT CONSTRUCTORS 








PAGE X CEMENT AND LIME MANUFACTURE NOVEMBER, 1952 


CONVEYOR AND 
TRANSMISSION BELTS | 


that can carry the load 
..-and keep on carrying it 
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HATEVER your needs — Conveyor Belts, 
Transmission Belts, take a look at the Goodyear 
range. Built with the accumulated knowledge of over 
50 years’ pioneer research and practical engineering, 
Goodyear Industrial Rubber Products are specifically : 
designed for the exacting demands of present-day 
industry. They are stronger, more resilient and less 
likely to fail under abrasion, weathering and heavy 
loads. They give longer wear, more dependable ser- 
vice, and keep your operating costs to a minimum. 





1 GOODYEAR CONVEYOR BELTS 


The “‘ Stacker ”? belt illustrated here is designed 
for installations which handle highly abrasive materials. 
Its tough, resilient cover “ gives’’ under impact and 
resists cutting. High grade bonding between the plies 
prevents separation under severe flexing. It is proofed 
against the ruining effects of mildew. 





2 ENDLESS CORD TRANSMISSION BELTS 


Specifically built for modern high-speed, small- 
pulley machinery, Goodyear Endless Cord Transmis- 
sion Belts incorporate a patent balanced construction of 
load-carrying cords. heir H.P. capacity is 334% 
greater than ordinary belts of equivalent thickness ; 
they are genuinely endless ; and have an unusual 
degree of flexibility which gives a firm grip on small 
pulleys at high speeds. 





3 RAYON CORD V-BELTS 


The Goodyear Rayon Cord V-Belts are ideal for 
all industrial drives, especially drives where shock loads 
occur. Their multiple resilient high-tensile rayon cords 
“give” slightly without snapping, and stand up to 
the sudden jolting that breaks ordinary belts. 








GOODSYEAR 


INDUSTRIAL RUBBER PRODUCTS 


TRANSMISSION BELTING - V-BELTS - CONVEYOR BELTING + INDUSTRIAL HOSE 
The Goodyear Tyre and Rubber Co. (Gt. Britain) Ltd., Wolverhampton 
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If a cement mixture contains only Na,O as the alkali, this oxide will combine 
with the available SO, to form Na,SO,, which will appear as finely divided 
crystals in the clinker unless covling has been extremely rapid. Soda in excess 
of that required to combine with the SO, will become a constituent of the glass 
or may enter into solid solution with 2CaO.SiO, or one of the other clinker com- 
ponents. If cooling were sufficiently slow, some of the excess soda might appear 
in the form of the compound Na,O0.8Ca0.3Al,0,. 

When both the alkalis K,O and Na,O are present in cement mixtures together 
with SOs, they react at clinkering temperatures to form a separate liquid phase, 
which changes to a single solid solution on cooling. This solid solution is stable 
above a temperature that varies from 400 deg. C. to 600 deg. C., depending on 
the sulphate composition. The sulphate phase has a constant composition if both 
Na,0.8Ca0.3A1,0; and K,0.23CaO.12SiO, are present at crystalline equilibrium. 


TABLE r. 








3Ca0O.SiOz.......-- =4.0710 CaO—7.6024 SiO2—6.7187 Al,03—1.4296 | 


Fe203+3.6826 Na20+2.4238 K20—2.8516 SOs 
| 9€a0:SiOs. ......-- =8.6024 SiO2+5.0683 Al2O3+1.0784 Fe20;—2.7780 | 
- Na2O—1.8284 K20+2.1511 SO;—3.0710 CaO 

| 3Ca0.Al203.....--- = 2.6504 —_ 1.6918 Fe203 

4CaO.Al203.Fe203. =3.0430 Fe203 
| CaM. soc occkau = 1.7005 SO:— —2.1960 Na2O —1.4453 K2,0 

WHEE ss sao cete = 2.2914 Na2O 
bes scu wes = 1.8500 K20 


B. Mixtures having R20/SO; molecular ratios me than 1.0 





3Ca0.SiO2........- =4.0710 CaO—7.6024 SiO.—1.4296 Fe20;—6.7187 
Al.03+2.4238 _K20+-3.6826 Na20—2.8516 SO; | 

2Ca0O.Si02........- =8.6024 SiO2+1.0784 Fe203+5.0683 Al:O;—23.769 
a —2.7780 Naz0+2.1511 (12K.+1) SO3—3.0710 

3CaO.AlO3_....--- =2.6504 Al2O3:—13.075 Na20+10.123 (1—K,) SO3:— 


1.6918 Fe:03 
4Ca0.Al203.Fe203. =3.0430 Fe203 
K20.23Ca0.12Si02 =22.345 K20 —26.288 K, (SOs) 
Naz0.8Ca0.3Al,03 =13.170 ae 7 197 (1—K,) SO3 


Wiss seceascses =2.1764 K, (SO: 
NaeSO...--.------- = 1.7743 (l-K,). 50: 





Under these conditions the molecular fraction of K,SO, in the sulphate is 
0°75 + 0:04. 

It is evident that the reaction of a portion of each of the alkalis with SO, 
during the burning of clinker affects the final phase composition of the clinker. 
The formation of K,SO, and Na,SO, will greatly reduce the potential quantity 
of K,0.23CaO0.12SiO, and Na,O0.8Ca0.3A1,03, which would otherwise be formed 
in the event of complete equilibrium crystallisation. This in turn regulates the 
quantity of 3CaO.SiO,, 2CaO.SiO,, and 3CaO.Al,O, appearing in the clinker. 

Equations that take into account the effect of SO; on the potential phase 
composition of K,O-Na,O-CaO-Al,05-SiO,-Fe,03-SO, mixtures approximating to 
the composition of Portland cement clinker have been derived in the manner of 
Mr. Louis A. Dahl. These equations, in the convenient weight percentage form, 
appear in JTable 1. The application of the equations in Table 1 (B) (for those mix- 
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tures having R,O/SO, molecular ratios greater than 1-0) requires the preliminary 
calculation of the value of K,, the molecular fraction of K,SO, in the sulphate; 
for the mixture. This numerical value of K,, together with the weight percentage 
of each of the oxides in the clinker, is then substituted in the equations in 
Table 1 (B). This preliminary calculation is unnecessary if the mixture has an 
R,O/SO, molecular ratio equal to or less than 1-0, inasmuch as the equations in 
Table 1 (A) apply directly to this case. 

The use of the equations should be of assistance in controlling the composition 
of the cement and in regulating burning processes to produce clinker of the desired 
phase composition. 

The mixtures that have been the subject of investigation were designed to 
furnish data on the stability of the alkali compounds K,0.23CaO.12SiO, and 
Na,O.8CaO.CAI1,0, in the presence of SO, and on the equilibrium products 
resulting from heating mixtures of these components. These mixtures, while 
not in themselves of Portland cement clinker composition, were composed of the 
primary components present in commercial clinker. Furthermore, the phases 
that appeared in the mixtures after equilibrium was attained were among those 
commonly found in commercial clinker. These factors provide the basis for 
applying the experimental data. 

Other acid‘c oxides such as P,O, or TiO, when present in the clinker may enter 
into reaction with the alkalis and otherwise alter the phase telations. The 
potential phase composition given in Table 1 will then be affected. Likewise, 
the aetails of the phase relationships in the senary system K,O-Na,O-CaO-Al,0,- 
Si-O,-Fe,O, are as yet unknown, but a study of this system is being made. It has 
been determined on the basis of microscopic examination of quenched charges 
containing Ne,0.8Ca0.3A1,0, and K,0.23CaO.12 SiO, that these two compounds 
are stable when heated together below 1500 deg. C. These compounds have 
consequently been included in the list of compounds in Table 1 (B). It is 
recognised, however, that a certain amount of solid solution may occur between 
them and the others that have been included in the potential phase composition. 
It is further recognised that changes in 7able 1 may be necessitated as a result of 
the detailed study of pertinent portions of the indicated senary system. 








The Cement Industry in the Belgian Congo. 
THE production of the works at Lubudi of Ciments du Katanga Cimenkat last year 
was 150,000 tons. A third kiln with an annual capacity of 50,000 tons has been 
ordered in Belgium and is expected to be in production by the end of the year 
1953. This company’s new works at Albertville is nearing completion ; this works 
will have a capacity of 45,000 tons a year. 








Cement Production in Japan. 


THE production of Portland cement in Japan in the year 1951 was 6,704,000 tons. 
It is expected that the production will be increased to 7,150,000 tons in 1952 and 
7,600,000 tons in 1953. 
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It is a well-known fact that di-calcium silicate undergoes 
allotropic modification on cooling below 675°C resulting 
in volume expansion and dusting. This compound is 
formed by the reaction of cement clinker with acid re- 
fractories. Thus a shut-down for any reason on an acid- 
brick-lined kiln will result in dusting of the interface and 
consequent loss of coating. The accompanying photo- 
graphs show the difference between a typical acid brick and 
the Oughtibridge Silica Firebrick Co. Ltd. mag.-chrome 
basic brick after heating and cooling in contact with a 
Portland Cement clinker. Sucha basic brick lining would 
maintain a durable clinker coating leading to a long 
life and higher production. 


In photograph No. 1 the acid brick clearly shows the di-calcium 
silicate dusting while the basic brick in photograph No. 2 shows the 
Portland Cement pellet and brick remaining perfectly stable. 


Technical advice and aysistance on all refractories will be gladly sent 
on request. 
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New Cement Factory in India. 


THE new cement factory of Orissa Cement, Ltd., at Orissa, India, which started 
production early in the year 1952, has a capacity of 500 tons per day. The 
machinery, for production on the wet process, was supplied and installed by 
Messrs. F. L. Smidth & Co., Ltd. 

Limestone is quarried six miles from the factory and is transported by a 2-ft. 
gauge railway. Clay is available on both sides of the railway, and the factory is 
conveniently situated near a coalfield. About 800 tons of limestone are transported 
daily to the factory, where it is tipped into a reinforced concrete hopper from 
which it is extracted by an inclined conveyor 6 ft. wide and 50 ft. long driven by a 
variable-speed motor. The conveyor takes the limestone to a 6-ft. by 6-ft. 6-in. 
hammer crusher which reduces it from about 2 cu. ft. to about 1 cu. in. at the 
rate of Soo tons per working day. The 1-in. material is transported by an inclined 





Fig. 1.—The New Cement Factory at Orissa. 


rubber-belt conveyor, 32 in. wide and 300 ft. long, to the store, whence it is 
taken by a horizontal conveyor directly to the raw mill. 

The clay slurry from the wash-mill is ground with the crushed limestone in a 
Unidan mill with a diameter of 8 ft. 6 in. and a length of 40 ft. arranged for central 
drive through a Symetro gear coupled to a 1,300-h.p. autosynchronous high- 
tension motor. The slurry is stored in four silos with a total capacity of 175,000 
cu. ft. Each silo is fed by an elevator 95 ft. high. From the silos the corrected 
mixture is drawn into a circular basin where it is mixed by mechanical stirrers and 
compressed air. From this basin the slurry is supplied to the rotary kiln, which 
has a total length of 475 ft. The kiln has a diameter of Io ft. 10 in., increased to 
11 ft. 10 in. at the ends. The raw coal is dried and ground in a Tirax air-swept mill, 
the hot air for which is drawn from the kiln ; the mill is also provided with a coal- 
dust-fired auxiliary furnace which can be used when the coal is very wet. The 
Unidan cement mill has a diameter of 8 ft. 6in. and a length of 40 ft. and is 
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charged with 85 tons of grinding media. This mill is also arranged for a central 
drive through a Symetro gear coupled to a 1,300-h.p. autosynchronous high-tension 
motor. The cement is ground in closed circuit. The grinding installation is provided 
with a six-compartment automatic dust filter. The finished cement is pneumatically 
pumped into storage silos, whence it is taken by screw conveyors to the 
packing machines. The cost of the works was about £1,250,000. 








A 500 ft. Rotary Kiln. 


AT the Kingsport, Tennessee, U.S.A., works of the Pennsylvania-Dixie Cement 
Corporation, six 125-ft. dry-process kilns have been replaced by a wet-process 
kiln 500 ft. long by 12 ft. diameter. This kiln is expected to produce 700 tons of 
clinker a day with a fuel consumption of 6,000,000 B.T.U.s per ton. The kiln 
is fired by high-grade bituminous coal. The change to the wet process was largely 
a result of the stringent local regulations on the emission of dust and of the fact 
that the local limestone was difficult to grind dry owing to the presence of con- 
siderable quantities of clay. Messrs. F. L. Smidth & Co. were the engineers for 
the conversion of the plant. 

The drive of the kiln is claimed to be new to the cement industry. Power 
is transmitted to the kiln ring-gear through its pinion and gears from a 200-h.p. 
squirrel-cage motor through a dynamatic water-cooled eddy-current coupling 
with a speed range of 0 to 1,160 r.p.m. The principle of the dynamatic coupling 
drive is that a slip is required between the input and output members in order 
to develop torque, and the torque capacity varies with the difference in speed 
between the input and output shafts. The input member is driven at a constant 
speed from the motor and there is no mechanical connection to the output, or 
driven, member, the transfer of power being effected by the magnetic attraction 
between the two. A field-coil on the load side is energised by direct-current 
electricity fed through two slip rings on the output shaft and, by excitation 
control, the slip is adjusted to meet load requirements. With the motor at “ no 
load ”’ speed, direct current supplied to the field-coil will cause the output shaft 
to rotate and, through automatic control, the current is readjusted to maintain 
a desired speed of the output shaft. Direct current for excitation may be supplied 
from a constant voltage line through a rheostat or potentiometer, or the small 
amount of direct current required may be available from an electronic control 
unit fed by alternating current power lines. Automatic speed control is provided 
through a speed-indicating generator driven by the output shaft which is used 
in connection with a meter for indicating the speed of rotation of the kiln. Voltage 
is developed proportional to the driven speed and automatically modulates the 
control and causes it to supply direct current to the coil to match a load condition. 

The unit has individual shafts and bearings for the input and output members. 
In the case of the kiln drive, the unit is water-cooled to dissipate the heat resulting 
from the slip-loss. It is claimed that the average slip-loss is about 3 per cent. and 
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that wind and friction losses are about 2 per cent., indicating a full load efficiency 
of 95 per cent. The coupling is a simple way to obtain adjustable speed from a 
constant-speed motor with full-torque starts, and apparently provides accurate 
speed control over a wide range. 

This drive is also applied to the induced-draught fan, the slurry feeder, the 
dust-return screw-conveyor, the clinker cooler, and the coal feeder to the grinding 
mill. 

The kiln shell is all-welded, both circumferentially and longitudinally, and is 
supported on six 30-in. tyres of 12 ft. 8 in. inside diameter and 14 ft. outside 
diameter. The sixth tyre is 14 ft. 4 in. outside diameter with tapered sides for 
the thrust roller. An oil-lubricated thrust roller mechanism guides the kiln in an 
axial direction and the slope is 4 in. per foot. There are 36 stiffener rings for the 
shell. The shell thickness is 2} in. for a length of 7 ft. under each tyre, with a 
thickness of 1} in. for 8 ft. on each side, and the balance is of 1-in. steel plate. 
The main pinion and secondary gear turn in two bronze bushed oil-lubricated 
sleeve bearings. The total weight is 2,225,000 lb. 

The kiln has a segmented nose-ring of high-heat-resistant cast steel and is 
fired through a burner pipe of heat-resistant metal insulated with a 1}-in. covering 
of asbestos. It has a heat-resisting stainless steel tip. The burner pipe may later 
be water-cooled. Heat exchangers at the back-end consist of a single-density 
pattern of 3-in. chain starting 12 ft. from the feed end and extending over a 
length of 71 ft. ; provision has been made to increase this to 86 ft. The present 
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length, however, gives excellent nodules of 8 or g per cent. moisture at the discharge 
end. The lining consists of 70 per cent. 6-in. alumina bricks for a distance of 120 
ft. in the hot end of the kiln, followed by about 40 ft. of 50 per cent. alumina 
bricks and, for the remainder and in the chain section, low-temperature firebricks. 

The drive is over the third pier and consists of a 200-h.p. squirrel-cage motor 
through a coupling to the dynamatic coupling, which has its output shaft con- 
nected to a double-reduction 32-5 : I gear-reducer which in turn is engaged by a 
coupling to the pinion drive of the master pinion and then the ring gear. A 
44-h.p. petrol engine is provided to turn the kiln at { r.p.m. in event of power 


failure. 


This kiln and ancillary plant are described and illustrated in ‘‘ Rock Products ”’ 
for January, 1952, from which the foregoing is abstracted. 








Patent Relating to Cement. 


Cellular Concrete. 


A concrete or mortar having greater 
resistance to frost, and increased adhesion 
to steel reinforcement, and formed with 
less surface scum, is prepared by adding 
to the mixture of cement, sand and gravel, 
and not more than 14 per cent. of water, a 
plasticizing-agent and a gas-producing sub- 
stance so that pores of microscopic size are 
produced and the product contains not 
more than 8 per cent. of air by volume. 
The additions may be ground into the 
cement or added separately or together to 
the cement or to the gauging-water. The 
plasticizer acts also as a wetting-agent and 
so reduces the amount of water required, 
and may be a cyclic or aliphatic alcohol 
acid such as tartaric, citric, saccharic, dex- 
tronic, or salicylic acid, calcium lignin 
sulphonate, alizarin sulphonic acid, or humic 
acid, and may be present in amounts between 
0-025 and o-5 per cent. of the cement. The 
gas-producing agent is soluble in alkaline 
liquids and is preferably also a_ surface 
tension reducing-agent either alone or as a 
result of reaction with the alkaline earth 
metals on the aluminium of the cement and 
is present in amounts between 0-0005 and 
or5 per cent. of the weight of the cement, 
sufficient to produce a gas-content of 3 to 8 
per cent. by volume. Suitable agents are 
the alkali-soluble natural or artificial resins, 
for example, pine resin insoluble in aromatic 
hydro-carbons, colophony and copal, or 
casein-, phenol-, or  cresol-formaldehyde 
resins ; or soluble sulphonates or sulphates 
forming alkaline-earth salts, for example, 
lauryl alcohol sulphonate, fatty acid com- 
pounds of sulphonated hydroxyascetic acids, 
or fatty alcohol sulphonates of cetyl or oil 
acids; alternatively, metals which react 
with the solution of the alkaline earths of 
the binding-agent, for example, calcium, 
magnesium, aluminium, or their alloys may 


be used. Other substances for repelling 
water, regulating setting, and other purposes, 
for example, alkali silicates and alkaline- 
earth chlorides or phosphates may also be 
included..—No. 634,436 K. Winkler and F. 
Schenker. July 25, 10946. 

Publication of British patents by the 
Patent Office has been delayed due to the 
war, 


MISCELLANEOUS ADVERTISEMENTS, 










SCALE OF CHARGES. 


Situations Wanted, 3d. a word ; minimum 7s. 6d. 
Situations Vacant, 4d. a word; minimum 10s. 
Box number Is, extra. The engagement of persons 
answering these advertisements subject to the noti- 
fication of Vacancies Order, 1952. Other miscell- 
aneous advertisements, 4d. a word; 10s. minimum. 
Advertisements must reach this office by 
the Sth of the month of publication. 





SITUATION VACANT.—Qualified British engineer 
age 25-30, with experience in cement manufacture or 
similar, required immediately by firm manutacturing 
and selling specialised equipment. Reply giving detail. 
of qualifications, experience, and salary required. 
Box 1738, Cement and Lime Manufacture, 14 Dart- 
mouth Street, London, S.W.1. 


SITUATIONS VACANT.--Qualified and experienced 
chief engineer, chief chemist, and master burner wanted 
for our dry process cement factory at Karachi. Capacity 
750 tons per day. Polysius Lepol kiln fired by oil and 
our own power generation. Send details of qualifica- 
tions, and reasonable terms acceptable for employment. 

Dalmia Cement, Ltd., Karachi, Pakistan. 


WANTED.—Copies of ‘Chemistry of Cement and 
Concrete,’ by Lea and Desch.—Quote price to Box 
1739, Cement and Lime Manufacture, 14 Dartmouth 
Street, London, S.W.1. 
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GENEFAX HOUSE, SHEFFIELD 10. 


AMBERLITE ‘12’ GRADE 


High temperature rapid harden- 
ing insulating concrete for 
lining furnace doors, as foun- 
dation insulation in high tem- 
perature kilns and furnaces, 
construction of high temper- 
ature flues. Limiting service 
temperature 1200°C. (2192 F.). 
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AMBERLITE ‘43’ GRADE 


Normal hardening insulating 
concrete of high insulating 
value and good compressive 
strength, for furnace and boiler 
foundations. Limiting service 
temperature 87! C. (1600°F.). 


AMBERLITE ‘S43’ GRADE 


Similar to above but with rapid 
hardening bond for speedy 
construction. Eminently suit- 
able for insulation of furnace 
hearths, bogie hearths, kiln 
cars, etc. Ideal for urgent 
repairs. Limiting service tem- 
perature 900°C. (1652°F.). 


Telephone: SHEFFIELD 31113 (6 lines) 


VERMICULITE ‘V” 
STANDARD GRADE 


Rapid hardening insulating con- 
crete utilising expanded vermi- 
culite as an aggregate. Very 
good results have been obtained 
with this concrete in the 
monolithic construction of gas 
fired annealing and heat treat- 
ment furnace arches and walls. 
Limiting service temperature 
1000°C. (1832 F.). 


VERMICULITE ‘V’ 
LIGHTWEIGHT GRADE 


Similar to above but light- 
weight for jointless “back-up” 
insulation behind refractory 
linings. Limiting service tem- 
perature 1000°C. (1832°F.). 


Further information relative to 
AMBERLITE INSULATING 
BRICKS, MORTAR and CEMENT, 
etc., and AMBEREX INSULAT- 
ING SLABS and PLASTIC will be 
gladly furnished upon request. 
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: To EDGAR ALLEN & Co., Ltd., SHEFFIELD 9 : 


* Please post booklet ‘Choosing a Cement § 
© Plant’ to:— a 


Write for booklet 
‘Choosing a Cement 
Plant’, using coupon. 


EDGAR ALLEN & CO. LIMITED. 
IMPERIAL STEEL WORKS:-— SHEFFIELD.9 


Published by Concrete Pustications. Ltp., 14, Dartmouth Street, London, S.W.1, England. _ 
Printed in Great Britain by Cornwatt Press Lrp., 1-6, Paris Garden, Stamford Street, London, S.E.1. 





